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(57) ABSTRACT 

Aprocess for detecting a complementary DNA fragment is 
performed utilizing a DNA micro-array, a radiation image 
storage panel containing a stimulable phosphor, and a spacer 
sheet having plural openings. 

4 Claims, 2 Drawing Sheets 
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DNA DETECTION DEVICE 

FIELD OF THE INVENTION 

The present invention relates to a process for detecting a 
complementary DNA fragment method utilizing a DNA 
micro-array and a radiation image storage panel. 

BACKGROUND OF THE INVENTION 

Recently, a DNA micro-array is Widely utiliZed in gene 
analyZing technology. The DNA micro-array comprises a 
support (i.e., micro-chip) of an extremely small area (such as 
approx. 1 mm2 or less) on Which a group of nucleotide 
derivatives or their analogues (probes, e.g., DNA fragments, 
synthesiZed oligonucleotides or polynucleotide, PNA) are 
?xed. On one DNA micro-array, various kinds of nucleotide 
probes are ?xed separately from each other. 

In gene analyZing technology, detection of DNA frag 
ments complementary to oligonucleotide probes Whose base 
sequence is already knoWn is very important. 

The conventional procedure for detecting DNA fragments 
complementary to oligonucleotide probes are conducted in 
the folloWing steps: 

bringing single-stranded sample DNA fragments having a 
speci?c label (e.g., ?uorescent label or radioactive 
label) in an aqueous solution into contact With a DNA 
micro-array having at least tWo de?ned areas in each of 
Which a group of nucleotide derivatives and analogues 
thereof are ?xed under such condition that a group of 
nucleotide derivatives and analogues thereof ?xed in 
one area differs from a group of nucleotide derivatives 
and analogues thereof ?xed in another area, so that 
DNA fragments complementary to a group of nucle 
otide derivatives and analogues thereof are ?xed by 
hybridiZation to the area in Which the group is ?xed; 

removing un?xed sample DNA fragments from the DNA 
micro-array; and 

detecting the labeled DNA fragments ?xed onto the DNA 
micro-array by hybridiZation utiliZing an appropriate 
detection procedure. 

If a ?uorescent label is employed, ?uorometry is 
performed, While a radioactive label is employed, autorad 
iography is utiliZed. 

The autoradiography utiliZing a combination of a radio 
graphic ?lm and a radiographic intensifying screen is favor 
ably employable as the detection procedure. HoWever, since 
the amount of DNA fragments to be utiliZed in the detection 
is extremely small, the autoradiography sometimes shoWs 
unsatisfactory sensitivity. 

Recently, a radiation image storing and reproducing 
method utiliZing a radiation image storage panel (Which is 
also named “stimulable phosphor sheet” has been Widely 
employed in place of the conventional autoradiography, 
because the sensitivity provided by the radiation image 
storage panel is relatively high, as compared With the 
conventional autoradiographic system. 

The use of the autoradiographic procedure utiliZing the 
radiation image storage panel is already knoWn. See Human 
Molecular Genetics, 1999, Vol. 8, No. 9, 1715—1722. 

According to the studies performed by the present 
inventors, hoWever, the high sensitivity of the radiation 
image storage panel sometimes shoWs analytical errors 
Which are caused by the fact that the high sensitive radiation 
image storage panel absorbs not only the radiation energy 
emitted by the target DNA fragments (that is, the comple 
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2 
mentary DNA fragments but also radiation energy emitted 
by the non-target DNA fragments (that is, non 
complementary DNA fragments) Which are inadvertently 
?xed to the DNA micro-array not by hybridiZation. 

SUMMARY OF THE INVENTION 

The present invention provides an improved method for 
detecting complementary DNA fragments utiliZing a com 
bination of the conventional DNA micro-array and the 
conventional radiation image storage panel, Which is almost 
free from noises caused by the inadvertently ?xed non 
complementary DNA fragments. 
The invention resides in a process for detecting a comple 

mentary DNA fragment Which rises the steps of: 
bringing single-strand sample DNA fragments having a 

radioactive label in a liquid phase into contact With a 
DNA micro-array having at least tWo de?ned areas in 
each of Which a of nucleotide derivatives and analogues 
thereof are ?xed under such condition that a group of 
nucleotide derivatives and analogues thereof ?xed in 
one area differs from a group of nucleotide derivatives 
and analogies thereof ?xed in another area, so that 
DNA fragments complementary to a group of nucle 
otide derivatives and analogues thereof are ?xed by 
hybridiZation to the area in Which the group is ?xed; 

removing un?xed sample DNA fragments from the DNA 
micro-array; 

keeping the DNA micro-array in contact With a radiation 
image storage panel containing a stimulable phosphor 
via a spacer sheet having openings in the areas corre 
sponds to the areas on Which groups of nucleotide 
derivatives or analogues thereof are ?xed, so that the 
stimulable phosphor sheet can absorb and store radia 
tion energy of the radioactive label coming from the 
?xed DNA fragments through the openings; 

irradiating the radiation image storage panel With a stimu 
lating light, so that the image storage panel releases a 
stimulated emission from the area in Which the radia 
tion energy is stored; 

detecting the stimulated emission photoelectrically to 
obtain a series of electric signals; and 

processing the electric signals to locate the area in Which 
the complementary DNA fragments are ?xed. 

The spacer sheet is preferably made of non radiation 
transmitting material. 

In the process of the invention, the radiation image 
storage panel is irradiated With a stimulating light preferably 
after it is separated from the DNA micro-array. 
The invention also resides in a kit for detecting comple 

mentary DNA fragments comprising a DNA micro-array 
having at least tWo de?ned areas in each of Which a group 
of nucleotide derivatives and analogues thereof are ?xed 
under such condition that a group of nucleotide derivatives 
and analogues thereof ?xed in one area differs from a group 
of nucleotide derivatives and analogues thereof ?xed in 
another area, a radiation image storage panel containing a 
stimulable phosphor, and a spacer sheet having openings in 
the areas corresponding to the areas on Which groups of 
nucleotide derivatives or analogues thereof are ?xed. 
The invention further resides in a composite structure 

comprising a DNA micro-array having at least tWo de?ned 
areas in each of Which a group of nucleotide derivatives and 
analogues thereof are ?xed under such condition that a 
group of nucleotide derivatives and analogues thereof ?xed 
in one area differs from a group of nucleotide derivatives and 
analogues thereof ?xed in another area, a spacer sheet 
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having openings in the areas corresponding to the areas on 
Which groups of nucleotide derivatives or analogues thereof 
are ?xed, and a radiation image storage panel containing a 
stimulable phosphor, overlaid in order, the spacer sheet 
being positioned in relation to the DNA micro-array in such 
condition that the openings of the spacer sheet face the areas 
of the micro-array in Which groups of nucleotide derivatives 
and analogues thereof are ?xed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a composite structure composed of a 
DNA micro-array, a spacer, and a radiation image storage 
panel according the invention under the separated condition. 

FIG. 2 illustrates a composite structure composed of a 
DNA micro-array, a spacer sheet, and a radiation image 
storage panel overlaid in order, for subjecting it to autora 
diography. 

FIG. 3 schematically illustrates a procedure for reproduc 
ing a radiation image stored in the radiation image storage 
panel. 

DETAILED DESCRIPTION OF THE 
INVENTION 

As is shoWn in FIG. 1 and FIG. 2, the process of the 
invention utiliZes a DNA micro-array 11, a spacer sheet 12 
and a radiation image storage panel 13. 

The DNA micro-array 11 is composed of a support 14 and 
many micro-chips 15 arranged on the support. On each 
micro-chip 15 are ?xed a group of probe compounds such as 
oligonucleotides. Generally, a group of oligonucleotides 
?xed in one micro-chip have the essentially same base 
sequence. 

The spacer sheet 12 has openings 16 in the positions 
corresponding to the micro-chips 15 of the DNA micro-array 
11, so as not to disturb transmission of radiation energy from 
the DNA fragment equipped With a radioactive label. The 
spacer sheet 12 is preferably made of non or less radiation 
transmitting material. Examples of the non or less radiation 
transmitting materials include metals such as aluminum, 
brass and stainless and polymers such as polyethylene 
terephthalate and polyethylene naphthalate. The spacer sheet 
preferably has a thickness in the range of 10 to 300 pm. 

The opening 16 preferably has a shape and a siZe corre 
sponding to the micro-chip 15 on Which a group of nucle 
otide probes are ?xed. The area other than the openings 
function to disturb the transmittance or penetration of radia 
tion energy from the area other than the micro-chips 15, and 
further keep the radiation energy emitted from a micro-chip 
15 from diffusing to a circumferential area, in other Words, 
distinctly separating a radiation energy transmitted through 
one opening from a radiation energy transmitted through an 
adjacent opening. 

The radiation image storage panel 13 is composed of a 
support sheet 17, a stimulable phosphor layer 18, and a 
protective layer 19. 

The stimulable phosphor layer generally comprises a 
stimulable phosphor in the form of particles and a binder 
resin. 
A number of stimulable phosphors are already knoW and 

most of Which are employable for the invention. Preferred 
are an alkaline earth metal halide activated by europium or 
cerium such as BaFBrzEu and BaF(Br,I):Eu. A cerium 
activated rare earth oxyhalide phosphor is also preferred. 

The stimulable phosphor layer can be formed on a support 
sheet by a knoWn method. 
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4 
The support sheet can preferably is a transparent or 

light-re?ecting plastic material sheet or ?lm. Examples of 
the plastic materials include polyethylene terephthalate, 
polyethylene naphthalate, polyamide, polyimide, and ara 
mid resin. The thickness of the support sheet generally is in 
the range of 50 to 1,000 pm. 
The stimulable phosphor layer can be formed, for 

example, in the folloWing manner Which is as such knoWn. 

First, the stimulable phosphor particles and a binder are 
placed in a solvent, and mixed Well to prepare a coating 
liquid in Which the phosphor particles are uniformly dis 
persed in a binder solution. As the binder, various resin 
materials are knoWn and optionally usable for the invention. 
The ratio betWeen the binder and the phosphor in the liquid 
depends on the characteristics of the phosphor and the aimed 
property of the phosphor layer, but generally they are 
employed at a ratio of 1:1 to 1:100 (binderzphosphor, by 
Weight). The coating liquid may further contain various 
additives such as a dispersing agent (for promoting dispers 
ing of the phosphor particles), a plasticiZer (for improving 
binding betWeen the phosphor particles and the binder), an 
anti-yelloWing agent (for inhibiting yelloWing of the phos 
phor layer), a hardening agent and a crosslinking agent. 

The coating liquid thus prepared is evenly coated on a 
short (e.g., glass plate, metal plate, plastic sheet) by knoWn 
coating means (such as doctor blade, roll coater, and knife 
coater), and dried to form a phosphor layer. The phosphor 
layer is once formed on a temporary sheet and then trans 
ferred onto the genuine support. 
The stimulable phosphor layer can be a deposited phos 

phor layer or a sintered phosphor layer. 
The process for detecting a complementary DNA frag 

ment according to the invention is described beloW in more 
detail. 

In the ?rst step, single-stranded sample DNA fragments 
having a radioactive label is brought into contact With a 
DNA micro-array having tWo or more de?ned areas in each 
of Which a group of probe compounds (nucleotide deriva 
tives or their analogue so as DNA molecules, DNA 
fragments, synthesiZed oligonucleotides, synthesiZed 
polynucleotides, PNA) are ?xed. A group of probe com 
pounds ?xed in one area differs from a group of probe 
compounds ?xed in another area, so that DNA fragments 
complementary to a group of probe compounds are ?xed by 
hybridiZation to the area in Which the group is ?xed. The 
single-stranded sample DNA fragments are generally sup 
plied as a solution or dispersion in an aqueous medium. 

Subsequently, un?xed sample DNA fragments are 
removed from the DNA micro-array, for instance, by Wash 
ing the surface of the DNA micro-array With an aqueous 
medium, so as to reduce noises and to improve accuracy of 
the analysis. The problem resides in the fact that DNA 
fragments Which are not complementary to the probe com 
pounds ?xed onto the DNA micro-array are irregularly ?xed 
to the surface of the micro-array, because the space of the 
DNA micro-array sometimes has a great number of func 
tional groups such as hydroxyl groups and amino groups and 
the DNA fragments also have various functional groups 
some of Which are able to produce bonding With the func 
tional groups on the micro-array. 
The DNA micro-array having the sample DNA fragments 

on its surface is then subjected to autoradiography utiliZing 
a radiation image storage panel. In the autoradiography, the 
DNA micro-array is kept in contact With a radiation image 
storage panel via a spacer sheet. The spacer sheet has 
openings in the areas corresponding to the areas on Which 
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groups of probe compounds are ?xed, so that the stimulable 
phosphor sheet can absorb and store radiation energy of the 
radioactive label coming from the ?xed DNA fragments 
through the openings. The autoradiography is generally 
performed at a temperature in the range of 0 to 30° C., for 
one hour to 120 hours. 

Generally, the radiation image storage panel is separated 
from the DNA micro-array and the spacer sheet. 

The radiation image storage panel is then subjected to a 
knoW radiation image reproducing procedure. In the 
procedure, the radiation image storage panel is irradiated 
With a stimulating light, so that the image storage panel 
releases a stimulated emission from the area in Which the 
radiation energy is stored. The stimulated emission is 
detected photoelectrically to obtain a series of electric 
signals. Finally, the electric signals are processed to locate 
the area in Which the complementary DNA fragments are 
?xed. 

The typical radiation image reproducing procedure is 
illustrated in FIG. 3. 

In FIG. 3, a radiation image storage panel 13 is transferred 
in the direction of arroW, by means of a pair of rollers 31. On 
the storage panel 13 is applied a stimulating light 33. A 
stimulated emission 34 is directly detected by a light detect 
ing means 35 or indirectly detected after re?ection on a 
mirror 39. In the photoelectric conversion means 36, the 
stimulated emission 34 is converted into a series of electric 
signals, Which are then transmitted to a multiplier 37 and 
further processed in a processor 38. 
What is claimed is: 
1. A process for detecting a complementary DNA frag 

ment Which comprises the steps of: 
bringing a liquid phase comprising single-stranded 

sample DNA fragments having a radioactive label into 
contact With a DNA micro-array having a support and 
at least tWo de?ned areas in each of Which a group of 
probe compounds selected from the group consisting of 
DNA molecules, DNA fragments, synthesiZed 
oligonucleotides, synthesiZed polynucleotides, and 
PNA (peptide nucleic acid) are ?xed under such con 
dition that a group of the probe compounds ?xed in one 
area differs from a group of the probe compounds ?xed 
in another area, so that DNA fragments complementary 
to a group of the probe compounds are ?xed to an area 
of the micro-array by hybridiZation of complementary 
DNA fragments to the probe compounds; 

removing un?xed sample DNA fragments from the DNA 
micro-array; 

keeping the DNA micro-array in contact With a radiation 
image storage panel containing a stimulable phosphor 
via a spacer sheet intervening betWeen the DNA micro 
array and the radiation image storage panel, said spacer 
sheet being in direct contact With the micro-array and 
having openings aligned With the ares of the micro 
array to Which the probe compounds are ?xed, so that 
the radiation image storage panel can absorb and store 
radiation energy transmitted by the radioactive label of 
the ?xed complementary DNA fragments through the 
openings in said spacer sheet; 
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6 
irradiating the radiation image storage panel With a stimu 

lating light, so that the image storage panel releases a 
stimulated emission from the area in Which the radia 

tion energy is stored; 
detecting the stimulated emission photoelectrically to 

obtain a series of electric signals; and 

processing the electric signals to locate the area in Which 
the complementary DNA fragments are ?xed. 

2. The process of claim 1, in Which the spacer sheet is 
made of non radiation-transmitting material. 

3. The process of claim 1, in Which the radiation image 
storage panel is irradiated With a stimulating light after it is 
separated from the DNA micro-array. 

4. A process for detecting a complementary DNA frag 
ment Which comprises the steps of: 

bringing a liquid phase comprising single-stranded 
sample DNA fragments having a radioactive lable into 
contact With a DNA micro-array having a support and 
at least tWo de?ned areas in each of Which a group of 
probe compounds selected from the group consisting of 
DNA molecules, DNA fragments, synthesiZed 
oligonucleotides, synthesiZed polynucleotides, and 
PNA (peptide nucleic acid), are ?xed under such con 
ditions that a group of the probe compounds ?xed in 
one area differs from a group of the probe compounds 
?xed in another area, so that DNA fragments comple 
mentary to a group of the probe compounds are ?xed to 
an area of the micro-array by hybridiZation of comple 
mentary DNA fragments to the probe compounds; 

removing un?xed sample DNA fragments from the DNA 
micro-array; 

keeping the DNA micro-array in contact With a radiation 
image storage panel containing a stimulable phosphor 
via a spacer sheet intervening betWeen the DNA micro 
array and the radiation image storage panel, said spacer 
sheet being in direct contact With the micro-array and 
having openings aligned With the areas of the micro 
array to Which the probe compounds are ?xed, so that 
the radiation image storage panel can absorb and store 
radiation energy transmitted by the radioactive label of 
the ?xed complementary DNA fragments through the 
openings in said spacer sheet; 

irradiating the radiation image storage panel With a stimu 
lating light, so that the image storage panel releases a 
stimulated emission from the area in Which the radia 
tion energy is stored; 

detecting the stimulated emission photoelectrically to 
obtain a series of electric signals; and 

processing the electric signals to locate the area in Which 
the complementary DNA fragments are ?xed, 

Wherein said spacer sheet has a thickness in the range of 
10 to 300 pm and is made of a non radiation 
transmitting material selected from the group consist 
ing of aluminum, brass, stainless steel, polyethylene 
terephthalate and polyethylene naphthalate. 

* * * * * 


